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1. INTRODUCTION 

UWB is one of the wideband wireless technology approval by the "Federal Communication 
Committee" (FCC) from 3.1 GHz to 10.6 GHz frequency band, this technology attracted both academic and 
industrial communities' attention [1], [2]. The microstrip antenna can be suitable for UWB technology, 
especially the slot antenna which is consisted of a microstrip feed line and tuning stub in the top layer of 
substrate and a special slot in the ground plane at bottom of the substrate, this type of antenna is distinguished 
it has large magnetic near-fields make it does not attract nearby objects, unlike a patch antenna that tends to 
couple with objects nearby [3], [4]. The proposed antenna consists of a ground plane that has a slot with a 
certain shape that can be any shape printed on a lower side of a dielectric substrate, and on the opposite side 
of a dielectric substrate there is a zig-zag microstrip feedline with a tuning stub, but when the coplanar 
waveguide (CPW) used as a feeding technique the tuning stub and a slot on a ground plane printed on the 
same side of a substrate. This type of antenna has good features like those of low profile, lightweight, easy 
manufacturing, and has a large bandwidth so the speed of transferring the data is high [5]. Depending on the 
slot form, there are many types of this sort of antennas such as triangle, arc shape, circular, and rectangle, etc. 
Microstrip line or CPW may be used to feed these antennas [6]-[24]. 

In this paper, a new design of a zig-zag feeder microstrip antenna is proposed for wireless 
applications in the bandwidth of UWB. The proposed antenna consists of the ground plane of the slot printed 
on a lower side of a dielectric substrate and a rectangular tuning stub printed on the upper side of the 
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dielectric substrate with elliptical slots. A zig-zag strip feedline of 50 Q connected to the port with a tuning 
stub for feeding. The purpose of using a tuning stub in a slot antenna is to increase the matching impedance 
between a feedline and a slot of the ground plane. A study of parametric is performed to calculate the best 
dimensions. There are some techniques used to improve the response of the slot antenna and get a wideband 
such as the feed point position technique and adjusting the feed gap distance between the lower edge of the 
tuning stub on an upper side of a substrate and a lower edge of the slot on the opposite side of the substrate. 


2. DESIGN OF ZIG-ZAG MICROSTRIP ANTENNA 

In the design of the zig-zag microstrip antenna, the first step is to calculate the size of a slot in the 
patch and ground that achieved the UWB requirement. It is found a slot in the antenna that the bandwidth's 
lower edge frequency can be found approximately by equating slot configuration area to that of cylindrical 
wire has radius r and length l. The lower edge frequency (fL) of bandwidth is given by [25]: 


_30XxC 
~ (l+r) 





(1) 


L 


where C is an element factor, which can take values of 0.32 for an elliptical slot or 0.35 for a circular slot. 
These two values of C are evaluated and the first one is found appropriate for the slot, therefore, 


9.6 


f= +0.2785D)./eref f 


(2) 


where 1, r, D are all measured in centimeters. 

According to (2) the value of D is 1.474 cm, the tuning stub and a microstrip feedline of 50 Q are 
printed on Fr4 substrate has a relative permittivity (¢,=4.4) and loss tangent (0.0025), and a ground plane with 
a slot printed on the opposite side of a substrate with same dimensions of a substrate of the proposed antenna 
[25]. The width of the microstrip feed line is calculated 2.89 mm to achieve 50 Q characteristic impedance by 
using (3): 


Woe 1201 
~ Vereff [ Wf/h +1.393+0.667 In(Wf/h +1.444)] 


(3) 


The tuning stub is used to improve the matching between a microstrip feedline and a slot. 


3. PARAMETRIC STUDY OF A PROPOSED ANTENNA 
This section has shown a parametric study and its effect on antenna performance. 


3.1. Effect of tuning stub dimensions 

The purpose of a tuning stub is the matching between the slot at the ground plane and a feedline on 
an upper side of a substrate. The dimensions of the rectangular tuning stub are tested. The best values of 
these dimensions were found by using the method of sweep parameter. Figures 1-3 are shown the variety of 
dimensions of tuning stub with frequency. The best values of these parameters are found at TsL=12 mm, 
TsW=8 mm, and TsT=2 mm respectively. 
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Figure |. Variations of tuning stub length Figure 2. Variations of tuning stub thickness 
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Figure 3. Variations of tuning stub width 


3.2. Effect of ground plane dimensions 

To find an optimum value of dimensions of the ground plane width (GW) and length (GL) these 
dimensions are tested. Figure 4 illustrates the simulated S11 of antenna and bandwidth for different values of 
a ground plane width (GW). The optimum value of a width of a ground plane is found to be at GW=14 mm. 
The simulated antenna S11 as a function of frequency for different values of a ground length (GL) as is 
shown in Figure 5. The response of the antenna is not affected by changing the length of the ground (GL). 
Figure 5 illustrates that the best value of GL is found as 10 mm. 
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Figure 4. Variations of ground width Figure 5. Variations of ground length 


3.3. The effect of feed point position 

Another parameter tested is the feed point position at this test the required is to find the connection 
point between the tuning stub and the zig-zag feed line to find the best matching impedance position. All 
points from the binding edge of the tuning stub to the edge of a tuning stub are tested and the best feed point 
is that achieved to determine the best matching impedance, the best value is 13mm offset distance move from 
center, the Figure 6 shown the effect of feed point position on bandwidth. 


















Table 1. Parameters of optimal design of 
wee patch antenna 
10.00 — Parameter Value (mm) 
| Substrate length (SL) 14 
gn" —e Substrate width (GW, SW) 24 
720.00 4 7 Ground length (GL) 10 
BS: ——— Ground width (GW) 14 
a — FPP= 449mm Substrate thickness (h) 1.6 
re — FPP= -4.89mm Feed point position (FPP) 13 
: ' The tilt angle of the feed 45° 
a “ao 7 6.00 s Sho “00° o l a E O w Feed line width 10 
Length of tuning stub (TsL) 12 
Width of tuning stub (TsW) | 
Radius elliptic slot (Ry) 1 
Radius elliptic slot (Rx) 0.5 


Figure 6. Variations of feed point position 
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The optimum values of all parameters affecting the performance of a proposed zig-zag microstrip 
antenna are presented in Table 1. Figure 7 shows the best antenna. Figure 8 shows the simulation S11; 
proposed antenna. 


14 mm 











Figure 7. Proposed zig-zag antenna with its Figure 8. Simulation S;; proposed antenna 
dimensions 


4. THE RADIATION PATTERN OF A DESIGNED ANTENNA 

The simulated far-field radiation pattern of a proposed antenna is plotted. Figure 9 shows the total 
electric field E and magnetic field H at frequencies 3 GHz in Figure 9(a) and 10.6 GHz in Figure 9(b). These 
patterns have omnidirectional properties at low frequencies and near omnidirectional radiation pattern at high 
frequencies. 





(a) 





(b) 


Figure 9. The radiation pattern E-plane and H-plane, (a) At 3 GHz, (b) At 10.6 GHz 


5. THE CURRENT DISTRIBUTION 
The simulated surface current distribution of the proposed antenna at frequencies 3 GHz shows in 
Figure 10(a) and 10.6 GHz are presented in Figure 10(b). From this figure the current is concentrated in the 
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lower part of background, feeder and lower part diagonally of tuning stub at low frequency but the 
distribution of current is decreasing at these regions at high frequency, and that compatible with the radiation 
pattern where this pattern is omnidirectional at low frequency and directive at high frequency. 








‘> surface current (f=.10.6) 
acim Frequency  10.6GHz 





Beer Frequency  3GHz 
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Figure 10. The current distribution of surface on an antenna structure, (a) At 3 GHz, (b) At 10.6 GHz 


6. ANTENNA GAIN 

Figure 11 illustrates the simulated gain versus frequency of a proposed antenna, which varies from 
7.448 dB at 3.1 GHz to 5.928 dB at 10.6 GHz. It is obvious that the gain of this antenna is compatible with 
result that concluded from current that distributed over the antenna surface, where high gain is realized when 
the current is concentrated in some regions of antenna surface, and it decreased when the current distributes 
more smoothly at high frequencies. 
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Figure 11. The simulated gain of a proposed UWB twisted microstrip antenna for different frequencies 


7. CONCLUSION 

A zig-zag microstrip antenna of small size and low-profile has been designed and analyzed in this 
paper to fulfill technological demands. This proposed antenna consists of a ground plane contain the slot 
printed on a lower side of a substrate and a zig-zag strip feedline of 50Q with a tuning stub of rectangular 
shape printed on the patch side of a substrate with elliptical slots. The most significant parameters that affect 
the performance of an antenna are the dimensions of a slot that affects the lower edge of bandwidth and feed 
point position. The important thing in this design is a slot in a ground plane because it is the reason for the 
large bandwidth of the UWB antenna. The tuning stub is used to improve matching, therefore; the bandwidth 
becomes larger. The location of connection a feedline with the patch and zig-zag microstrip line effect on the 
bandwidth performance. 
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